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ABSTRACT. Mexico is a center of origin for several economically important plants including maize,
cotton, and cocoa. Maize represents more than a food crop, has been declared a biological, cultural,
agricultural and economic patrimony, and is linked to the national identity of Mexicans. In this review, we
describe the historic and current use of genetically modiﬁed plants in Mexico and factors that contributed to
the development of the biosafety regulation. We developed a database containing all permit applications
received by the government to release genetically modiﬁed plants. A temporal and geographical analysis
identiﬁed the plant species that have been authorized for experimental purposes, pilot programs, or
commercial production, the geographic areas where they have been released, and the traits that have
been introduced. Results show that Mexico has faced a dual challenge: accepting the beneﬁts of genetically
modiﬁed plants and their products, while protecting native plant biodiversity.
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INTRODUCTION
Animals, plants, and microorganisms including bacteria, fungi, and viruses have been
genetically modiﬁed through a variety of methods including chemical mutagenesis, breeding,
transgenesis or gene editing. Plants have been
genetically modiﬁed for a growing number of
purposes including enhanced nutritional value,
prolonged shelf life, disease or pest resistance,
herbicide tolerance, male sterility, production of
vaccines against human and livestock diseases,
recombinant proteins for industrial purposes,
antibodies, therapeutic enzymes and virus-like
particles, and enhanced biofuel potential
(Lomonossoff and D’Aoust 2016; Bleotu et al.
2018). Beneﬁts of using genetically modiﬁed
plants to grow food or ﬁber include improvement in yield and reliability of the food supply
in conditions that include changing climate and
reduction in farmland (Brookes and Barfoot
2016; Sharp and Leshner 2016; Raman 2017;
Taheri et al. 2017). Mainly trhough gene editing
approaches, currently plants are being developed to enhance nutrient utilization and to tolerate drought, high salt content in the soil, and
for environmental remediation (Jez et al. 2016;
Ma et al. 2018). Furthermore, technology is
being developed to program novel metabolic
pathways in plants for their use as chemical
feedstock at industrial levels (Fesenko and
Edwards 2014; Jez et al. 2016; Lomonossoff
and D’Aoust 2016; Ma et al. 2018), and to
engineer disease resistance for pathogen-plant
combinations for which natural resistance has
not been identiﬁed (Romay and Bragard 2017;
Ma et al. 2018).
To introduce genetic modiﬁcations in plants,
genes are moved across species, or plant genomes are speciﬁcally edited using materials and
knowledge that are proprietary (Bleotu et al.
2018). Thus, commercial production of
genetically modiﬁed plants (transgenic or genome-edited) has the potential to impact both the
environment and society in multiple ways
(The_National_Academy_of_Sciences
2010;
Bonny 2017; Raman 2017; Whelan and Lema
2017; Van Rijssen and Morris 2018). Concerns
about the use of genetically modiﬁed plants
include potential harm to the environment,
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biodiversity, and human health in combination
with socioeconomic, political, and ethical consequences (Hug 2008; Bonny 2017; Raman 2017;
Van Rijssen and Morris 2018). Accordingly, the
use of genetically modiﬁed plants has been controversial and caused opposing reactions among
scientists, consumers, and the public. While
some concerns have been labeled as myths,
others have scientiﬁc support (Parrott 2010;
Buiatti et al. 2013; Rastogi Verma 2013;
Panchin and Tuzhikov 2017).
The Cartagena Protocol on Biosafety established the basis to regulate the release and international trade of living genetically modiﬁed
organisms. According to this protocol, a genetically modiﬁed organism is deﬁned as “any living
organism that possesses a novel combination of
genetic material obtained using modern biotechnology” (CBD 2000). This deﬁnition is based on
the transformation process, and includes transgenic and non-transgenic organisms (CBD
2000; Sprink et al. 2016). A transgenic organism
has been altered by the addition of genetic material from a different species (Bleotu et al. 2018),
such as a plant expressing a gene from a bacterium. Non-transgenic organisms have been
genetically modiﬁed without the addition of
genetic material from any other or the same
species (Bleotu et al. 2018). Organisms that
result from gene editing tools such as the
CRISPR/Cas system are non-transgenic genetically modiﬁed organisms, unless they carry a
gene insertion. Accordingly, approaches to regulate genetically modiﬁed plants have been
based on the tranformation process or features
of the product (Kuzma 2016; Georges and Ray
2017). Although approaches have been proposed
(Huang et al. 2016; Sprink et al. 2016; Smyth
2017), genetic modiﬁcation through gene editing
represents a regulatory challenge that remains to
be addressed.
Transgenic plants have been used in commercial agriculture since the mid 1990’s, after being
released for the ﬁrst time in the United States,
China, Argentina, Australia and Canada (Nap
et al. 2003; Fernandez-Cornejo et al. 2014;
Taheri et al. 2017). Additionally, since 2010,
12 plant species including appless and potatoes,
resulting from gene editing have been authorized
in the United States and Canada without going
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through the biosafety regulation stablished for
transgenic plants (Kuzma 2016; Smyth 2017).
Similarly, in 2015, mushrooms genetically modiﬁed through gene editing were declared excempt
from biosafety regulation in the United States
(Gene-Edited 2016; Waltz 2016).
Production and consumption of genetically
modiﬁed plants has followed contrasting patterns. While some countries, like the United
States and Canada, grow and consume them
openly, others have banned the production
and reject their consumption (FernandezCornejo et al. 2014; Smyth 2014; James
2015; Brookes and Barfoot 2016; Aldemita
and Hautea 2018). Adoption of genetically
modiﬁed plants by producers has been rapid
in some developed and in some developing
countries (Aldemita and Hautea 2018). In
2016, genetically modiﬁed plants were
grown in twenty-six countries with notable
increments in Latin America, Africa, and
Asia (Aldemita and Hautea 2018). Worldwide, the most commonly produced genetically modiﬁed plants are soybean (Glycine
max L.), maize (Zea mays subesp. mays L.),
cotton (Gossypium hirsutum L.), and canola
(Brassica rapa subsp. oleifera) (James 2010,
2015; Marinho et al. 2014; Aldemita et al.
2015; Aldemita and Hautea 2018). The most
frequent traits introduced into these species
are herbicide tolerance (53%), insect resistance (14%), and a combination of both
(33%) (James 2015). The top growers of
genetically modiﬁed plants are the United
States, Brazil, Argentina, Canada and India
(Aldemita and Hautea 2018).
Based on the extend of the area used to grow
genetically modiﬁed plants, in 2016 Mexico was
ranked number seventeen (Aldemita and Hautea
2018). However, there is little information about
the features and geographic distribution of
genetically modiﬁed plants authorized in
Mexico, the biosafaty regulation and the factors
shaping it. In Mexico, a legal framework and an
approval process was establisheded in 2005
through the biosafety law (DOF 2005).
However, records of permit applications and
authorizations to release genetically modiﬁed
plants exist since 1995. Here, we developed a
database containing all permit applications and

authorizations to release genetically modiﬁed
plants from 1995 to 2017. A temporal and geographical analysis identiﬁed the plant species that
have been authorized for experimental purposes,
pilot programs, or commercial production, their
geographic distribution and traits. Results provide a proﬁle of genetically modiﬁed plants
authorized in Mexico.

BIOSAFETY REGULATORY BODY
Import into Mexico, export, and release of
genetically modiﬁed organisms into conﬁned
spaces (laboratory, greenhouse, and processing plants) or to the environment for agricultural
production,
bioremediation,
industrialization, public health, or any other
purpose is regulated by the biosafety law of
genetically modiﬁed organisms published in
2005 (DOF 2005) and updated in 2009
(DOF 2009) (Fig. 1). This law and its implementation rules provide a framework to regulate genetically modiﬁed organisms and
describe an approval process. Both pieces of
regulation were designed to document, evaluate, and minimize the risk of possible negative effects on human, animal, and plant
health, the environment and biodiversity,
derived from the release of genetically modiﬁed organisms into the environment and from
the use of their products for human consumption, animal feed, or medicinal purposes
(DOF 2009).
The biosafety law supports the creation of the
Inter-Ministerial Commission for Biosafety of
Genetically Modiﬁed Organisms (CIBIOGEM,
for the Spanish acronym), and the National
Information System on Biosafety (DOF 2005).
CIBIOGEM is integrated by sixs secretariats
and the Director of the National Council on
Science and Technology, is responsible for the
regulatory process in all aspects of biotechnology and all organisms (Fig. 1), and is not
responsible for law enforcement. The National
Information System on Biosafety contains
descriptive information regarding all permit
applications to release genetically modiﬁed
organisms and is maintained by CIBIOGEM
(DOF 2009).
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FIGURE 1. Organization and roles of the Intersecretarial Commission on Biosafety of Genetically
Modiﬁed Organisms in Mexico (CIBIOGEM). The Spanish acronym is provided for each ministry or
organization.CIBIOGEM regulates import, consumption and release of genetically modiﬁed organisms for all purposes into conﬁned spaces and to the environment (DOF, 2005).

Ministry of Food, Agriculture, Rural Development and Fisheries (SAGARPA)
Ministry of Natural Resources and the Environment (SEMARNAT)
Ministry of Human Health (SSA)
Ministry of Education (SEP)
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National Information system on Biosafety

APPROVAL PROCESS
The approval process initiates with a written
application for every transformation event and
consists of three sequential phases: experimental, pilot program, and commercial release
(DOF 2005) (Fig. 2a). On a case-by-case
basis, CIBIOGEM evaluates the potential risks
of releasing genetically modiﬁed organisms or
consuming products containing them. Part of
the risk analysis is based on information provided by the interested party, which could have
been generated in the country of origin

(Fig. 2b). The advantages of using genetically
modiﬁed plants over alternative technologies
are part of the criteria that integrate the risk
analysis (Fig. 2b).
Release for experimental purposes requires
the use of physical, chemical, and biological
barriers, or their combination, for the conﬁnement of genetically modiﬁed organisms and to
limit contact with people and other organisms in
the environment. In pilot programs, genetically
modiﬁed organisms may be released with or
without physical, chemical, or biological barriers to limit contact with people and other
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FIGURE 2. Schematic representation of the regulatory process and risk analysis for the release of
genetically modiﬁed organisms based on the Mexico biosafety law. A) The approval process
consists of three sequential phases: experimental purposes, pilot programs and commercial production. On a case-by-case basis, each phase requires a permit application, risk analysis, and is
subjected to compliance monitoring. B) Core information for risk analysis based on scientiﬁc
information generated by the applicant and may include information generated in the country of
origin.
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organisms in the environment. Commercial
release of genetically modiﬁed organisms does
not require the establishment of physical, chemical, or biological barriers (DOF 2005).

GENETICALLY MODIFIED PLANTS
THROUGH THE APPROVAL PROCESS
From 1995 to 2017 a total of 893 permit applications were received by CIBIOGEM. Five applications were withdrawn, and 141 applications were
declined after risk analysis or due to lack of

information to carry out a risk analysis. This represents a rejection rate of 15.8%. At the time of this
analysis, 122 applications were in process, twentysix of them since 2012 and the rest from 2013 to
2017 (Fig. 3a). The number of permit applications
authorized to release genetically modiﬁed plants to
the environment reached 625: 492 for experimental
purposes, 118 for pilot programs and 16 for commercial production (Fig. 3a).
Permits granted to release genetically modiﬁed
plants have been issued for 12 plant species (Fig. 4).
Species with the most number of permits for experimental purposes and pilot programs are cotton
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FIGURE 3. Number of permits or applications in progress to release genetically modiﬁed plants by
regulatory phase and proprietary from 1995 to 2017. Records from 1995 to 2004 were pooled.
Maps show geographic distribution of areas (shaded in green to the municipal level) for which at
least one permit has been approved for any category. A) Cumulative number of permits by
experimental phase. Lines and dots indicate permits per category and are plotted on the left Y
axis. Vertical bars indicate applications in risk analysis per category, and are plotted on the right Y
axis. On the map, color-coded digits indicate the number of permits issued by regulatory phase and
per state. B) Number of permits by proprietary, per year, including all three phases (experimental,
pilot, commercial). On the map, color-coded digits indicate the number of permits per state.
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(Gossypium hirsutum L.), maize (Zea mays subesp
mays L.), wheat (Triticum aestivum), and soybean
(Glycine max L.) (Fig. 4a). Species with smaller
number of permits include tomato (Solanum lycopersicum L.), canola (Brassica rapa subsp. oleifera), potato (Solanum tuberosum L.), common

124
1
28

3
2

27

1
1 11

6
43
1

8

6

6
3
1
9

bean (Phaseolus vulgaris), mexican lime (Citrus
aurantifoli), sweet orange (Citrus sinensis), alfalfa
(Medicago sativa) and sugar beet (Beta vulgaris)
(Fig. 4b). Although experimental trails were authorized since 1995, ofﬁcially cotton and soybean were
not authorized for commercial purposes until 2010
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FIGURE 4. Number of permits issued to release genetically modiﬁed plants by regulatory phase,
state, and species from 1995 to 2017. Records from 1995 to 2004 were pooled. A) Number of
permits per year and by regulatory phase for top four plants: Cotton (Gossypium hirsutum L.),
maize (Zea mays L.), soybean (Glycine max [L.] Merr.), and wheat (Triticum aestivum). B) Number
of permits per year and by regulatory phase for other species: alfalfa (Medicago sativa L.), potato
(Solanum tuberosum), mexican lime (Citrus aurantifolia), sweet orange (Citrus sinensis), tomato (S.
lycopersicum), canola (Brassica napus L.), bean (Phaseolus vulgaris) and sugar beet (Beta
vulgaris). C) Geographic distribution per plant species and areas with at least one permit for
experimental purposes and pilot programs. Release area is as in Fig. 3. Color-coded digits indicate
the cumulative number of permits by regulatory phase and per state. D) Geographic distribution per
plant species of areas with at least one permit for commercial release. Release area is shaded in
green. Color-coded digits indicate the cumulative number of permits per state.
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and 2012, respectively (Fig 4a and Table 1). All
transformation events authorized until 2017 were
the result of transgenic approaches.
Until May of 2018 no applications were
received for plants resulting from gene editing.
Gene editing is powerfull technology to ingeneer traits in plants. This approach is faster than
transgenic approaches, does not requiere antibiotic or herbicide selection, and the engineered
mutations are similar to natural mutations
(Zhang et al. 2017; Ma et al. 2018; Zhe et al.
2018). Thus, it is safe to predict that transgenic
plants currenlty going through the approval process will be replaced in the near future by plants
developed through gene editing. Furthermore,
plants that have not been modiﬁed by transgenic
approaches, such as sugarcane, bananas, plantains, coffe, or cocoa, are being modiﬁed by
gene editing (Ma et al. 2018) and are expected
to enter the approval process soon.
Transgenic plants have been released for
experimental purposes in 24 of the 31 Mexican
states (Fig. 3a). In most of the states, transgenic
plants have been liberated for experimental purposes and pilot programs (Fig. 4c). Permits issued
for commercial production cover 14 states, 10
located in the north, and four states located at or
near the Yucatan peninsula (Fig. 4d).
Soybean, cotton, and maize have been genetically engineered to tolerate herbicides, resist
insect pests, or both (Fig. 5a). In these plants,
the most frequent trait is resistance to the herbicide glyphosate alone or in combination with
resistance to insects in the orders Coleoptera or
Lepidoptera, or tolerance to herbicides glufosinate ammonium, dicamba, acetolactate synthase
(ALS) inhibitors, or sulfonylurea (Fig. 5b). Other
traits that have been introduced into plants
include drought and cold tolerance, high lysine,
high oleic acid, or reduced lignin content, or
resistance to pathogens (Fig 5a,b).

MEXICO IS A NOT A DEVELOPER OF
TRANSGENIC PLANTS
Of the total number (625) of permits granted,
97.6% have been obtained by multinational corporations (Fig. 3b). Two Mexican institutions
(CINVESTAV and INIFAP) have obtained 12
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(2.4%) permits for experimental purposes and
the corresponding transformation events have
not progressed into pilot programs or commercial
production. Transgenic cotton and soybean
authorized for commercial production in Mexico
belong to the same multinational corporation
(Table 1). These numbers show that Mexico is
not a developer of transgenic plants.

TRANSGENIC SOYBEAN
Transgenic soybean was the second species
(2012) authorized for commercial release in
Mexico (Table 1). It was authorized in four southern states (Chiapas, Campeche, Yucatan and
Quintana Roo), and three in the norteast
(Tamailipas, Veracruz and San Luis Potosi)
(Fig. 4d). Only one transformation event was
authorized for commercial production (Table 1).
However, several other transformation events are
in experimental trails or pilot programs in other
parts of the country (Fig. 4c). The most abundant
trait introduced to soybean is tolerance to the herbicide glyphosate, which has been combined with
tolerance to other herbicides or resistance to
insects (Fig. 5b).
The permit for commercial production of transgenic soybean in Mexico was revoked on
September 17, 2017 due to pressure from Maya
farmers and honey producers in the Yucatan peninsula. Farmers and honey producers from 30 Maya
communities and environmental organizations
formed a coalition and ﬁled a law suit before the
National Supreme Court against the Ministry of
Agriculture, Food, Rural Development and
Fisheries (SAGARPA), one of the components of
CIBIOGEM. The coalition argued that permits
were granted without farmers approval, that trangenic soybean has been illigally grown in areas
not authorized, and that pollen from trangenic soybean contaminates honey for export to Europe
(Bacalar 2017).

TRANSGENIC COTTON
Transgenic cotton was the ﬁrst genetically
modiﬁed plant authorized for commercial

160

M. T. GARCIA RUIZ ET AL.

TABLE 1. Genetically modiﬁed organisms authorized for commercial production in Mexico.
Event2

Phenotype

Hectares

2010 076/2010 Cotton

MON-00531-6 x
MON-01445-2

9,500

2011 073/2011 Cotton

MON-88913-8

Resistance to
lepidopters
and
glyphosate
tolerance
Glyphosate
tolerance

2011 056/2011 Cotton

MON-88913-8

Glyphosate
tolerance

2011 072/2011 Cotton

MON-15985-7 x
MON-88913-8

2011 055/2011 Cotton

MON-15985-7 x
MON-88913-8

2012 007/2012 Soybean

MON-04032-6
(Brookes and
Barfoot 2016)

Resistance to
lepidopters
and
glyphosate
tolerance
Resistance to
lepidopters
and
glyphosate
tolerance
Glyphosate
tolerance

2012 102/2012 Cotton

MON-15985-7 x
MON-88913-8

2012 085/2012 Cotton

MON-15985-7 x
MON-88913-8

2012 086/2012 Cotton

MON-88913-8

2013 001/2013 Cotton

MON-88913-8

2015 020/2015 Cotton

MON-88913-8 x
MON-15985-7

2015 021/2015 Cotton

ON-88913-8

2016 032/2016 Cotton

MON-88913-8

2016 031/2016 Cotton

MON-88913-8 x
MON-15985-7

Year

Permit

Organism1

Resistance to
lepidopters
and
glyphosate
tolerance
Resistance to
lepidopters
and
glyphosate
tolerance
Glyphosate
tolerance
Glyphosate
tolerance
Resistance to
lepidopters
and
glyphosate
tolerance
Glyphosate
tolerance
Glyphosate
tolerance
Resistance to
lepidopters
and
glyphosate
tolerance

State

Liberation Area

Chihuahua, Coahuila and Chihuahua and
Durango
Comarca
Lagunera
(Coahuila and
Durango)
11,000 Baja California and
North Sonora–
Sonora
Mexicali, San
Luis Río
Colorado
20,000 Chihuahua, Coahuila and Chihuahua and
Durango
Comarca
Lagunera
110,000 Baja California and
North Sonora–
Sonora
Mexicali, San
Luis Río
Colorado
200,000 Chihuahua, Coahuila and Chihuahua and
Durango
Comarca
Lagunera

253,500 Campeche, Quintana
Roo, Yucatan,
Tamaulipas, San Luis
Potosí, Veracruz and
Chiapas
25,000 Sonora

Yucatan
Peninsula,
Huasteca
Valley, and
Chiapas
North Sonora

50,000

Tamaulipas and Nuevo
León

North
Tamaulipas

50,000

Tamaulipas and Nuevo
León
Sonora

North
Tamaulipas
North Sonora

25,000

100,000 Chihuahua, Coahuila and Chihuahua and
Durango
Comarca
Lagunera

100,000 Chihuahua, Coahuila and Chihuahua and
Durango
Comarca
Lagunera
8,000 Chihuahua
Chihuahua
1,000

Chihuahua

Chihuahua

(Continued )
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TABLE 1. (Continued)
Event2

Phenotype

Hectares

2017 005/2017 Cotton

MON-88913-8 x
MON-15985-7

30,000

Sinaloa

Paciﬁc coast

2017 004/2017 Cotton

MON-88913-8

Resistance to
lepidopters
and
glyphosate
tolerance
Glyphosate
tolerance

30,000

Sinaloa

Paciﬁc coast

Year

Total

Permit

Organism1

Cotton
Soybean

State

Liberation Area

744,500
253,500

1. Organisms: Cotton (Gossypium hirsutum L.), Soybean (Glycine max L.).
2. Unique identiﬁer numbers. Description of GMO unique identiﬁer events was obtained from The Biosafety Clearing-House (BCH) (http://bch.
cbd.int).
3. Permit revoked September 17, 2017.
MON-00531-6. Cotton line genetically engineered to resist cotton bollworm (Helicoverpa zea), tobacco budworm (Helicoverpa virescens), and pink
bollworm (Pectinophora gossypiella) by producing its own insecticide. The cry1Ac gene from Ballicillus thuringiensis was introduced by
Agrobacterium-mediated transformation. The Cry1Ac coding sequence was modiﬁed to yield L766S for plant optimized codon usage. The
Cry1Ac delta endotoxin confers resistance to lepidopteran insects by selectively damaging their midgut lining. The Cry1Ac coding sequence is
between a CaMV 35S promoter and a Nopaline synthase gene terminator. The plasmid used for making this line contains the 3ʹ’(9)-O-aminoglycoside adenylyltransferase enzyme (aad) gene, which confers resistance to the antibiotics spectinomycin and streptomycin used for bacteria
selection. The aad gene is expressed from a bacterial promoter and the corresponding protein is not expressed in plants. The neomucing
phosphotranferase II (nptII) gene provides kanamycin resistance in plants and is used for selection purposes.
MON-01445-2. Cotton line genetically engineered to resist the herbicide glyphosate by expressing gene cp4 epsps (aroA:CP4) is a glyphosate
tolerant form of 5-enolpyruvulshikimate-3-phosphate synthase (EPSPS) enzyme that decreases binding afﬁnity for glyphosate. cp4 epsps
expressed form the CaMV 35 promoter and the Nopaline synthase gene terminator. The gene was introduced into the cotton genome by
Agrobacterium-mediated transformation. For selection purposes, the plasmid also carries the aad and nptII genes.
MON-88913-8. Cotton line genetically engineered to resist the herbicide glyphosate by expressing gene EPSPS isolated from Agrogacterium
tumefascience strain CP4. This line contains two copies of the EPSPS gene to confer tolerance to glyphosate later in the growing season, after
the ﬁfth true leaf stage. The ﬁrst EPSPS copy is expressed from a chimeric promoter (P-FMV/Tsf1), a Tsf1 leader, and introns L-Tsf1 and I-Tsf1),
a chloroplast targeting peptide sequence (TS-ctp2) and a E9 transcription terminator and polyadenilation sequence (T-E9). The second EPSPS
copy is regulates chimeric promoter P-35S/act8, act8 leader, and intron sequences L-act8 and I-act8, and the same chloroplast targeting peptide
sequence (TS-ctp2), transcription terminator, and polyadenilation sequence. For selection purposes, the plasmid also carries the aad and nptII
genes.
MON-15985-7. Resistance to lepidopteran pests including and not limited to cotton bollworm (Helicoverpa zea), tobacco budworm
(Helicoverpa virescens), and pink bollworm (Pectinophora gossypiella). It contains two endotoxin-producing genes: Cry1Ac and cry2Ab2
introduced by microparticle bombardment of plants cells. The Cry1Ac gene was derived from Bacillus thruringiensis subsp. Kurstaki strain
HD73 and encodes CryAAb delta endotoxin, which confers resistance to lepidopteran insects by selectively damaging their midgut lining. The
cry2Ab2 gene was derived from Bacillus thruringiensis subsp. kumamotoensis and encodes Cry2Ab delta endotoxin, which confers resistance
to lepidopteran insects by selectively damaging their midgut lining. For selection purposes, the plasmid also carries the aad, nptII, and uidA
genes. uidA was derived from Escherichia coli and encodes the beta-D-glucuronidase (GUZ) enzyme. It is used for visual detection of
transformed tissue by blue staining.
MON-04032-6. Soybean line gene genetically engineered to resist the herbicide glyphosate by expressing gene EPSPS isolated from
Agrogacterium tumefascience strain CP4. Genes introduced by biobalistic treatment of plants cells. For selection purposes, the plasmid
used contains the GUS gene.

production in Mexico, is authorized in eight
states in the north (Fig. 4d), and the cumulative
area requested reached 744,500 hectares
(Table 1). Transgenic cotton was authorized for
experimental purposes in 1995 and for commercial production ofﬁcially in 2010 (Fig. 4a). Four
transformation events have been authorized for
commercial release, and the most abundant trait
is tolerance to the herbicide glyphosate alone or
in combination with resistance to insects in the

order Lepidoptera (Table 1). For experimental
purposes and pilot programs, permits have been
authorized for cotton with a combination of traits
that include tolerance to the herbicides glyphosate, glufosinate ammonium, or both, and resistance to insects in the order Coleoptera,
Lepidoptera, or both (Fig. 5b).
Mexico is a center of origin and diversity of
Gossypium hirsutum L. Other cotton species originated in tropical and subtropical parts of Africa
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FIGURE 5. Cumulative number of permits issued from 2004 to 2017 to release genetically modiﬁed
plants by species and acquired phenotype after genetic modiﬁcation. a) Number of permits by
species: Cotton (Gossypium hirsutum L.), maize (Zea mays L.), soybean (Glycine max [L.] Merr.),
wheat (Triticum aestivum), alfalfa (Medicago sativa L.), potato (Solanum tuberosum), mexican lime
(Citrus aurantifolia), tomato (S. lycopersicum), canola (Brassica napus L.), and sugar beet (Beta
vulgaris). b) For the most common species, number of permits by acquired phenotype. Below the
pie charts, acquired phenotypes are color coded to indicate single and combination of traits.
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and Asia. However, over 95% of the cultivated
cotton in the world is G. hirsutum (Wegier et al.
2011). In Mexico, eight metapopulations of wild

Dicamba

ALS
Sulfonylinhibitor urea

Oleic
acid

Others

cotton have been identiﬁed and are mainly distributed along the west and east costs (Wegier
et al. 2011). The areas authorized for commercial
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production (Fig. 4b) do not overlap the distribution of wild cotton metapopulations. Cotton is
self-pollinated, cross pollination rarely occurs
and is dependent on wind, and pollinator
birds and insects (Heuberger et al. 2010). Thus,
transgene contamination in cotton is largely
dependent on pollinators and the distance
between plants (Heuberger et al. 2010; Yan
et al. 2015). However, transgene contamination
has been detected in four out of eight wild cotton
metapopulations (Wegier et al. 2011).

MAIZE BIODIVERSITY IN MEXICO
As a fundamental part of their people’s diet
and national identity, maize is of major economic and cultural importance to Mexico
(Kato Yamakake et al. 2009; Alvarez-Buylla
and Piñeyro 2013). Additionally, Mexico harbors the greatest maize diversity in the world,
including genetically deﬁned landraces, and
maize wild relatives teosinte (Zea spp., except
Z. mays) and gamagrass (Tripsacum spp.) (Kato
Yamakake et al. 2009).
Subsistence and small farmers account for
approximately 86% of the maize cultivated
area in Mexico, and select, conserve, and
exchange seed (Xolocotzi 1985; Pressoir and
Berthaud 2004; Acevedo et al. 2011; Burgeff
et al. 2014; Orozco-Ramírez et al. 2016;
Orozco-Ramirez et al. 2016). This practice is
the main force driving maize evolution and
diversiﬁcation in Mexico (Dyer and Taylor
2008), and has been active for thousands of
years. Permanent diversiﬁcation and selection
has led to adaptation of maize to a wide variety
of environments, growth habits, culinary, and
cultural purposes. Accordingly, in Mexico,
there are landraces adapted to grow from sea
level, to high altitudes, and in between; in cold
or warm climates, in the tropics, and in the
desert (Kato Yamakake et al. 2009; AlvarezBuylla and Piñeyro 2013; Arteaga et al. 2016;
Orozco-Ramirez et al. 2016).
In 2006, following the biosafety law, a
“Global project on native maize of Mexico”
(http://www.biodiversidad.gob.mx/genes/
proyectoMaices.html) was initiated to survey
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and update information on the genetic diversity
of maiz, teosinte and gamagrass. Results of
this project recognized sixty maize landraces,
and three teosinte species, two subspecies, and
four landraces (DOF 2012). Areas rich in
native maize biodiversity with deﬁned landraces have been identiﬁed in all states of
Mexico (Burgeff et al. 2014; Orozco-Ramírez
et al. 2016).

DECREE TO PROTECT MAIZE
BIODIVERSITY
To protect native maize populations and its
wild relatives teosinte and gamagrass, in 2012
CIBIOGEM published a decree to establish
maize centers of origin and centers of biodiversity (DOF 2012). This decree declares
native Mexican maize a biological, cultural,
agricultural and economic patrimony of
Mexico and declares centers of origin of
maize all geographical areas were genetically
distinct native land races have been identiﬁed,
which includes parts of all states in Mexico,
except Baja California (Orozco-Ramírez et al.
2016). Additionally, this decree declares centers of maize biodiversity areas in the states of
Baja California, Baja California Sur,
Chihuahua,
Coahuila,
Nuevo
Leon,
Tamaulipas, Sinaloa, and Sonora (DOF
2012). Combined, areas declared centers of
origin or centers of biodiversity cover the
entire country.
The decree establishes that centers of origen and centers of biodiversity must be maintained free of genetically modiﬁed maize
(DOF 2012), and does not ban the release of
genetically modiﬁed maize. Instead, it provides a framework to release genetically modiﬁed maize (DOF 2012). However, in the
same areas, commercial production of cultivars or hybrids developed by conventional
breeding is allowed. Due to cross-pollination
in maize, the effects on maize biodiversity is
not greater for genetically modiﬁed maize
than for cultivars or hybrids developed by
conventional breeding (Carpenter 2011; Dyer
et al. 2014).
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TRANSGENIC MAIZE IS NOT
AUTHORIZED
Until 2013, transgenic maize was authorized
for experimental purposes (178 permits) and
pilot programs (25 permits) (Fig. 4a). These
permits were for maize engineered to tolerate
glyphosate, alone or in combination with tolerance to other herbicides and/or resistance to
insects (Fig. 5). The transgene that confers glyphosate tolerance in maize is the same that
confers glyphosate tolerance in cotton and soybean. However, to date, commercial release of
genetically modiﬁed maize has not been authorized (Fig. 4a). Furthermore, no permits have
been issued to release genetically modiﬁed
maize for experimental purposes or pilot programs since 2013 (Fig. 4a). This was in
response to public pressure and a legal case
against the Mexican government. In October
of 2013, a federal judge ordered the Mexican
government to “suspend all activities involving
the planting of transgenic maize in the country
and end the granting of permits for experimental
and pilot plantings” because the release of transgenic maize is an “imminent harm to the environment” (Peña 2013).

CONTRASTING REGULATION
BETWEEN MAIZE AND COTTON
Mexico is a center of origin of both maize and
cotton and landraces or metapopulations have
been identiﬁed for both species (Table 2).
Transgene contamination has been demonstrated
both in native maize (Dyer et al. 2009; PineyroNelson et al. 2009) and native cotton (Wegier
et al. 2011). Transgenic cotton has been authorized for commercial release since 2010, while
release of transgenic maize has been banned
since 2013. Strikingly, centers of origin and centers of biodiversity have been declared for maize
(DOF 2012), but not for cotton.
Related to biosafety, there are several differences between maize and cotton (Table 2). Maize
is a fundamental part of mexican diets, while
cotton is not for human consumption. This difference does not explain the current regulation,
because Mexico allows the import of products

and whole kernels for food or feed containing
genetically modiﬁed maize from the United
States (Kaiser 2005; Brandt 2014; Burgeff et al.
2014). While maize is openly pollinated, cotton is
self-pollinated. Additionally, local farmers select
and conserve maize but not cotton seed. However,
these differences do not explain the current regulation, because transgene contamination has
been demonstrated both in native maize (Dyer
et al. 2009; Pineyro-Nelson et al. 2009) and in
native cotton (Wegier et al. 2011).
Transgenic cotton provides an increment in
yield and proﬁt over non-trangenic cultivars due
to modiﬁcations that reduce damage caused by
weeds and pests (Brookes and Barfoot 2014,
2016). This represents an economic beneﬁt
both for producers and consumers (The
National
Academy of Sciences 2010). In 2017 and compared to other countries in the world, Mexico
was ranked 43th in maize yield per hectar and
6th in total maize production. In the same year
Mexico imported 37.4% of the maize it consumed (https://apps.fas.usda.gov). Genetically
modiﬁed, maize could provide an increment in
yield, total production and proﬁt beneﬁting
both producers and consumers (Brookes and
Barfoot 2016).

FACTORS SHAPING THE BIOSAFETY
REGULATION

TABLE 2. Maize, cotton and soybean features
that impact biosafety and regulation.
Feature

Maize

Center of origin in Mexico
+
Native landraces or wild
+
populations in Mexico
Contamination of native
+
populations documented
in Mexico
Pollination
Open
Human consumption
Seed exchange by farmers

+
+

Cotton

Soybean

+
+

-

+

-

Self,
Insects
-

Self,
Insects
+
-

(+): Feature occurs in Mexico.
(-): Feature does not occur in Mexico or has not been determined.
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Import of transgenic maize kernels for consumption and maize seed for experimentation
were authorized before publication of the biosafety law (Fig. 4). These activities were
blamed as the source of transgene contamination in native maize populations (Snow 2009).
This captured the attention of the general public, led to demonstrations against genetically
modiﬁed organisms in general and maize in
particular (Alvarez-Buylla and Piñeyro 2013).
These events provided a motivation to establish
the biosafety law (DOF 2005), the “Global project on native maize of Mexico” (Acevedo et al.
2011), and the decree to establish maize centers
of origin and centers of biodiversity (DOF
2012). Despite the establishment of regulation
to protect native maize populations (DOF
2012), the release of transgenic maize into the
environment was banned in 2013 as a result
from a legal case against the Mexican government (Peña 2013).
Maize production in Mexico is 37.4% below
consumption, thus forcing import, mainly form
the United States (https://apps.fas.usda.gov).
Furthermore, under the North American Free
trade agreement, Mexico could not ban the
import of genetically modiﬁed maize. This
sequence of events reﬂects willingness by the
Mexican government to allow production and
consumption of genetically modiﬁed maize, and
a strong opposition from the general public
(Alvarez-Buylla and Piñeyro 2013).
In a similarly scenario, ﬁve years after authorization of commercial production, the ban on transgenic soybean establised in 2017 was the result of
pressure from Maya farmers and honey producers
in the Yucatan peninsula (Bacalar 2017).

CONCLUSION
Regulation and authorizations to release
genetically modiﬁed plants in Mexico reﬂect
both acceptance and rejection. The main focus
of the biosafety regulation is the protection of
native maize biodiversity. Mexico allows
import and consumption of genetically modiﬁed maize kernels or maize products (Kaiser
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2005; Brandt 2014; Burgeff et al. 2014). In
contrast, genetically modiﬁed maize has been
banned since 2013 for all purposes (Fig. 4).
The Mexico biosafety law is process-based
and was established at the time of controversial reports of maize landrace contamination
in response to intense public pressure.
Following the approval process, cotton and
soybean were authorized for commercial production and maize was authorized for experimental and pilot programs. Due to presure
from honey producers, environmental organizations, and the public, transgenic soybean
and maize are currently banned.
Scientic advances have improved our
understanding of genetically modiﬁed crops
and their impact on human health, biodiversity and the environment. It is now known
that gene ﬂow and the risk of replacement of
native plant populations by genetically modiﬁed plants is not greater than for hybrids or
cultivars developed by conventinal breeding
(The_
National_
Academy_ of_ Sciences 2010; Carpenter
2011; Dyer et al. 2014). Furthermore, gene
editing technologies are being used to
improve many plants of agricultural importance, including maize and all plants currently only authorized for experimental
purpuses or pilot programs (Fig. 4). Under
this scenario, the current biosafety law is no
longer scientiﬁcally sound, and hampers
further scientiﬁc advances and economic
development, as illustrated by the contrasting
differences in regulation between cotton and
maize, and between genetically modiﬁed
maize and maize hybrids.
The advantages of using genetically modiﬁed
plants over alternative technologies are part of
the criteria that integrate the risk analysis during
the approval process (Fig. 2b). Genetically modiﬁed plants resulting from genome editing have
potential to provide an increment in yield, production and proﬁt, beneﬁting both producers and
consumers. Through gene editing, plants can be
modiﬁed and not carry transgenes (Zilberman
et al. 2018), and their genetic structure is similar
to mutations that arise naturally. Thus, it is
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predicted that their consumption will not have an
impact on human health (Ma et al. 2018). What
is their impact on biodiversity? The answer to
this question has potential to determine the fate
of gene-edited maize in Mexico.
Factors with potential to re-shape the biosafety regulation in the near future include the economic need to feed an increasing population with
less farmland, the imperative need to regulate
plants modiﬁed using gene editing technology,
education, and unbiased disemination of current
advances on the nature, features, beneﬁts and
negative effects of genetically modiﬁed plants.
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